Salicylic acid (SA), an endogenous plant growth regulator has been found to generate a wide range of metabolic and physiological responses in plants affecting their growth and development. In order to study effect of salicylic acid foliar application and limited irrigation on quantitative and qualitative characteristics of wheat, this experiment was conducted at Varamin, Iran during 2014 growing season. The experimental design was laid out in a randomized complete block with a split plots arrangement of treatments in three replications. Main plots included four different levels of irrigation (complete irrigation, irrigation withholding at stem elongation stage, irrigation withholding at flowering stage and irrigation withholding at seed filling period stage) and different concentration of foliar application of salicylic acid (0, 150 and 300 µM) were allocated to subplots. The results showed that irrigation withholding conditions in different growth stages significantly decreased seed yield, RWC and total chlorophyll but by contrast increased membrane stability, proline content, SOD and CAT enzymes activity and also lipid and protein peroxidation. Salicylic acid foliar application had positive effect on all attributes in this experiment. In general, the results of the present study indicate that usage of salicylic acid reduces the harmful effects of water deficit stress and increases resistance to drought stress in wheat plant.
INTRODUCTION
Water is essential for plant growth and agricultural productivity is solely dependent upon water and it is necessary from seed germination to plant maturation [1] . Drought stress is one of the most important abiotic stress factors which are generally accompanied by heat stress in dry season [2] . Plants often suffer from water deficit stress, and the severity of the resulting damage varies depending on the intensity and duration of the stress. Other than the apparent effects of drought stress, the effects of water deficit are not well understood at the biochemical and molecular levels [3, 4, 5] . Under different conditions particularly environmental stress, reactive oxygen species, such as superoxide anion radicals, hydrogen peroxide, and hydroxyl radicals, are generated [6] . Reactive oxygen species can damage essential membrane lipids as well as proteins and nucleic acids [7] . However, under conditions of environmental stress, production of ROS can increase and endogenous protective activity may then become inadequate. Various associations between water stress and endogenous levels of water-soluble antioxidants have been described [8] . Antioxidant enzymes ascorbate peroxidase (POX), glutathione reductase and non-specific POX also increased significantly under water stress [9] . Various physiological practices are applied to alleviate the adverse effects of water deficit stress on the normal functioning of plants. For example, plant growth regulators have been applied to plants as a means of improving the growing of those plants. Indeed, there is evidence that the proper application of plant growth regulators can increase plant tolerance to environmental stresses such as drought, heavy metals, salinity, chilling and water-logging [10, 11] . Salicylic acid (SA), a plant Phenolic is now considered as a hormone-like endogenous regulator and its role in the defense mechanisms against biotic and a biotic stress has been well documented [12, 13] .When applied exogenously at suitable concentrations, SA was found to enhance the efficiency of antioxidant system in plants [14] . SA was found to enhance the activities of antioxidant enzymes, (CAT), peroxidase (POX) and superoxide dismutase (SOD), when sprayed exogenously to the drought stressed plants of L. esculentum [10] or to the salinity stressed plants of B. juncea [15] . Krantev et al [16] reported the exogenous application of salicylic acid enhanced the activities of antioxidant enzymes ascorbate peroxidase (APX) and SOD in maize plants. The primary objective of the present investigation was to examine the effect of drought stress and salicylic acid on the activities of different antioxidant enzymes and other biochemical exchanges in leaves of wheat. The work was aimed also whether a foliar supply of salicylic acid to plant might be a strategy for increasing the drought stress tolerance.
MATERIALS AND METHODS
The experiment was conducted at Varamin, Iran during 2014 o n on o  n  N and 1050 m above sea level. Latitude and longitude of research place were 35º, 19' N and 51º, 39' E, respectively and site of study was located 900 m above sea level. Before beginning of experiment, soil samples were taken in order to determine the physical and chemical properties. A composite soil sample was collected at a depth of 0-30 cm. Details of soil properties are shown in Table 1 . After plow and disk, plots were prepared. The experimental design was carried out in a randomized complete block with a split plot arrangement of treatments in three replications. Main plots included four different levels of irrigation (complete irrigation, irrigation withholding at stem elongation stage, irrigation withholding at flowering stage and irrigation withholding at seed filling period stage) and different concentration of foliar application of salicylic acid (0, 150 and 300 µM) were allocated to subplots. Each sub plot consisted 12 rows, 5 m long with 20 cm spaced between rows and 5 cm distance between plants on the rows, 2 m alley was kept to eliminate all influence of lateral water movement. Polyethylene pipeline was performed for control of irrigation as dropping irrigation. After seed sowing, irrigation was applied as required during the growing season. The foliar application of salicylic acid was applied with a pressurized backpack sprayer (12 l capacity) calibrated to deliver 1000 l ha -1 of spray solution. Sprayer was equipped with a spiral solid cone spray nozzle. At the end of growing season crop were harvested and seed yield was assayed. One week after irrigation withholding in different growth stages initiation leaf samples was collected and physiological and biochemical changes were assayed.
Relative water content assay
Relative water content was measured, from each plant leaf discs were taken and weighted (fresh weigh, FW). The discs were then placed in distilled water for 5 h at 25
• C and then their saturated weights (SW) were measured. The discs were then dried in oven at 70
• C for 24 h to calculate dry weight (DW). RWC were calculated by following formula:
Membrane stability assay Leaf samples (0.5 g) were immersed into 10 ml of -2 bar mannitol solution (14.7 g mannitol per liter) and after 24 h electrical conductivity of the solution was measured.
Chlorophyll assay
Chlorophyll was extracted in 80 % acetone from the leaf samples according to the method of Arnon [17] . Proline assay Proline content of leaves was determined according to a modification of the method of Bates et al [18] .
Antioxidant enzyme activity assay
Catalase activity was estimated by the method of Cakmak and Horst [19] . Superoxide dismutase activity was determined according to the method of Giannopolitis and Ries [20].
Lipid peroxidation assay
The level of membrane damage was determined by measuring malondialdehyde (MDA) as the end product of peroxidation of membrane lipids [21] .
Protein peroxidation assay
A standard dityrosine sample was prepared according to Amado et al [22] .
Statistical analysis
All data were analyzed from analysis of variance (ANOVA) using the GLM procedure in SAS [23] . The assumptions of variance analysis were tested by insuring that the residuals were random, homogenous, with a normal distribution about a mean of zero. Duncan's multiple range tests was used to measure statistical differences between treatment methods and controls.
RESULTS AND DISCUSSION
Analysis of variance showed that the effects of irrigation withholding in different growth stages was significant on all measured traits and foliar application of salicylic acid was significant on all measured traits except for RWC and proline content ( Table 2 ). In addition, interaction between these two factors was significant on measured traits experiment such as: catalase enzyme activity and malondialdehyde.
Seed yield
Seed yield decreased as result of irrigation withholding at stem elongation stage, irrigation withholding at flowering stage and irrigation withholding at seed filling period stage at by 6.46 %, 12.00% and 7.29%, respectively with compared complete irrigation treatment conditions. Also, acceleration of flowering and maturity probably contributed to reduce the impact of drought stress in wheat plants. Similar findings have been reported in faba bean (Vicia faba L.) [24] . Seed yield increased as result of foliar application of salicylic acid with 300µM at by 5.86 when this treatment compared with untreated foliar application of salicylic acid (Table 3) . Khodary [25] observed a significant increase in growth characteristics, pigment contents and photosynthetic rate in maize, sprayed with SA. Hussein et al [26] in their pot experiment sprayed salicylic acid to the foliage of wheat plants, irrigated with Mediterranean sea water and reported an enhanced productivity due to an improvement in all growth characteristics including plant height, number and area of green leaves, stem diameter and dry weight of stem, leaves and of the plant as a whole. All the values followed by the same letter in each column are not statistically different at the P < 0.05 probability level. different growth stage (Table 3) . RWC is the appropriate measure of plant water status in terms of the physiological consequence of cellular water deficit, while water potential is an estimate of plant water status and it is useful in dealing with water transport in the soil-plant-atmosphere continuum [27] .
Relative water content

Membrane stability
According to table 3 the highest electrolyte leakage was occurred when wheat plants were treated with irrigation withholding at different growth stages. Electrolyte leakage decreased as result of foliar application of salicylic acid when these treatments compared with untreated foliar application of salicylic acid (Table 3 ). All this shows that foliar application of sal c l c c c n lo h pl n ' membrane permeability and alleviate the damage on the cell membrane caused by water stress.
Total chlorophyll
The highest total chlorophyll content was related to those plots which were treated with complete irrigation. However irrigation withholding at different growth stages decreased total chlorophyll content. Changes in leaf chlorophyll content with drought and heat injury may involve a severe chlorophyll photooxidation mediated by oxyradicals [28] . Water deficit stress leads to an increase in free radicals in chloroplasts and destruction of Chl molecules by ROS, which results in reduction of photosynthesis and growth. Singlet oxy gen atoms and O 2 -radicals predominantly attack double bondcontaining compounds (unsaturated fatty acids and Chl), thus damaging the chloroplast membrane system and photosynthetic reaction centres [29] . It is worth mentioning that total chlorophyll content increased as result of foliar application of salicylic acid with 300µM when these treatments compared with untreated foliar application of salicylic acid in this condition (Table 3) . Salicylic acid is a detoxifier and neutralizer of superoxide radicals and other singlet oxygen species; by prevention of the activity of free radicals it can enhance the Chl content. Moreover, salicylic acid significantly increased chlorophyll a & b and carotenoids [30, 31] .
Proline
The result showed that the highest proline content in the leaves of plants belongs to irrigation withholding at seed filling period stage (Table 3) . PRO protects membranes against the adverse effect of high concentrations of ions and may also function as a PROT compatible hydrotrope and as a hydroxyl radical5scavenger [32] . In the current study, irrigation withholding at different growth stages increased the leaf PRO content. The concentration of this metabolite usually increases in response to water deficit stress [33] .
Antioxidant enzymes
Plants under irrigation withholding at different growth stages showed a significant increase in SOD and CAT activity in the leaves compared with control plants (Table 3) . Application of salicylic acid was associated with a significant difference in SOD and CAT activity in stressed plants; however, application of salicylic acid increased SOD and CAT activity in plants (Table 3 and Figure 1 ). However as can be seen from figure 1 the highest catalase enzyme activity was obtained from foliar application of salicylic acid with 300 µM concentration in irrigation withholding at different growth stage condition. The enzymes assayed are scavengers of free radical species. SOD converts one form of ROS (O 2 -) to another equally toxic one (H 2 O 2 ). Hydrogen peroxide is converted to oxygen and water by CAT and POX [34] . The increase in SOD activity was reported in tolerance basmati rice variety [35] . In our study, salicylic acid increased the activity of these enzymes maybe by elimination of free radicals. This increased antioxidant enzyme activity might be due o A' l o ol n c p on l n translational levels. Also, these increases might be due to their direct scavenging function against the toxic free radicals and their promotional effects on synthesis of internal protective antioxidants. SA was found to enhance the activities of antioxidant enzymes, CAT, peroxidase (POX) and superoxide dismutase (SOD), when sprayed exogenously to the drought stressed plants of L. esculentum [10] or to the salinity stressed plants of B. juncea [15] .
Lipid and protein peroxidation
The level of lipid and protein peroxidation of leaves, measured as MDA and dityrosine (DT) content, are shown in Table 3 . The levels of MDA and DT were increased in the leaves of plants by irrigation withholding levels. The highest MDA and DT content belong to irrigation withholding at seed filling period stage. One of the best known toxic effects of ROS is damage to cellular membranes, lipids and PROTs. Plasma membranes are oxidized by ROS to generate MDA. In this study, water deficit stress induced a progressive accumulation of MDA and DT in the leaves of plants. We observed a significant increase in the MDA and DT content in water deficit stressed plants. It was observed that application of salicylic acid decreased the MDA and DT content in the leaves of plants (Table 3 and figure  1 ). Exogenous salicylic acid partially inhibits these increases because salicylic acid is a scavenger of ROS. SA also affects the lipid peroxidation, which plays a key role in initiating defense response [36] . 
